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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide a solid-state image -pickup 
element, which improves sensitivity by increasing light convergence 
efficiency, and eliminates smears without providing a light shield 
film on a photodetection sensor part. 

SOLUTION: This element is equipped with a photodetection sensor 
part 3 which is provided at a surface layer of a silicon substrate 
(base body) 2 and performs photoelectric conversion, a charge 
transfer part 5 which transfers signal charges read out of the 
photodetection sensor 3, and transfer electrodes 8 and 10 which are 
provided on the silicon substrate 2 via an insulating film. On the 
photodetection sensor 3, an interlayer insulating film 11 is formed 
covering the side wall surfaces of the transfer electrodes 8 and 10 . 
A transparent film. 12 is embedded in the place, surrounded with the 
interlayer insulating film 11. The refractive index of the 
transparent film 12 is larger than that of the interlayer insulating 
film 11. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention raises the condensing effectiveness to the photo sensor section, 
and relates to the solid state image pickup device which aimed at improvement in a sensibility property 
or a smear property. 
[0002] 

[Description of the Prior Art] In recent years, in a solid state image pickup device, the miniaturization 
and densification of a pixel progress further, light-receiving area is reduced in connection with this, and 
property degradation of sensibility lowering, the increment in a smear, etc. is caused. As a cure of 
sensibility lowering, a lens on chip is prepared, for example, raising the condensing effectiveness in the 
photo sensor section is proposed, and it carries out in the part. Moreover, usually jutting out and forming 
a light-shielding film even in right above [ of the photo sensor section ] as a cure against a smear is 
made. 
[0003] 

[Problem(s) to be Solved by the Invention] However, also in what prepared the aforementioned lens on 
chip and gathered condensing effectiveness, if the level difference of a transfer electrode etc. is not 
canceled, processing homogeneity, such as a light-shielding film and a light filter on it, will get worse, 
and the increment in a smear and degradation of very small sensibility nonuniformity will be caused. 
Moreover, about what jutted out and formed the light-shielding film even in right above [ of the photo 
sensor section ], if a light-shielding film is jutted out and formed in this way, naturally the condensing 
effectiveness in the photo sensor section will fall, and it will become difficult to deal with the 
miniaturization which caused and mentioned sensibility lowering above too, or the densification of a 
pixel. Furthermore, although forming an overhang of a light-shielding film extremely low so that it may 
become the near location of the photo sensor section is also considered in order to prevent a smear more, 
an image defect will increase in that case and, moreover, image quality will deteriorate [ the photo 
sensor section ] in response to an etching damage or impurity contamination by processing for this light- 
shielding film formation. 

[0004] This invention was made in view of said situation, and the place made into the object is to offer 
the solid state image pickup device which lost the smear, without preparing a light-shielding film on the 
photo sensor section while raising condensing effectiveness and aiming at improvement in sensibility. 
[0005] 

[Means for Solving the Problem] The photo sensor section which is prepared in the surface section of a 
base and makes photo electric translation in the solid state image pickup device of this invention. The 
charge transfer section which transmits the signal charge by which reading appearance was carried out 
from this photo sensor section. It comes to have the transfer electrode prepared in the abbreviation right 
above location of said charge transfer section on said base through the insulator layer. Cover this side- 
attachment-wall side to the side-attachment-wall side of said transfer electrode on said photo sensor 
section, and an interlayer insulation film is prepared in it. And the transparent membrane was embedded 
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in the part surrounded by said interlayer insulation film on said photo sensor section, and the refractive 
index of said transparent membrane made it to be size the solution means of said technical problem from 
the refractive index of an interlayer insulation film. 

[0006] The light which carries out incidence aslant on a transparent membrane front face since a 
transparent membrane is embedded in the part which the interlayer insulation film was prepared in the 
side-attachment-wall side of a transfer electrode according to this solid state image pickup device, and 
was surrounded by this interlayer insulation film and the refractive index of said transparent membrane 
is size from the refractive index of an interlayer insulation film, and results in the interface between this 
transparent membrane front face and said interlayer insulation film reflects by this interface, and it 
comes to carry out incidence on the photo sensor section. Since it prevented that the light which carried 
out incidence to the transparent membrane by having arranged the interlayer insulation film on the 
surroundings of a transparent membrane in this way leaked out of the photo sensor section, it becomes 
unnecessary moreover, to allot a light-shielding film on this transparent membrane. 
[0007] 

[Embodiment of the Invention] Hereafter, the solid state image pickup device of this invention is 
explained in detail. Drawing 1 (a) and (b) are drawings showing the example of the 1st operation gestalt 
of the solid state image pickup device of this invention, and the important section top view in which (a) 
shows the outline configuration of a solid state image pickup device, and (b) are the A-A arrowed cross- 
sections of (a). In drawing 1 (a) and (b), a sign 1 is a solid state image pickup device, and 2 is a silicon 
substrate (base). As shown in a silicon substrate 2 at drawing 1 (b), the light sensing portion (graphic 
display abbreviation) which makes photo electric translation is formed in that surface section, and the 
hole storage section (graphic display abbreviation) is further formed on this light sensing portion. And 
the photo sensor section 3 of HAD (HoU Accumulation Diode) structure is formed from these light 
sensing portions and the hole storage section. 

[0008] The charge transfer section 5 is formed through the read-out gate 4, and another charge transfer 
section 5 is formed in one of this photo sensor section 3 side through the channel stop 6 at the another 
side side. And reading appearance of the obtained signal charge in which photo electric translation was 
carried out by such configuration in the photo sensor section 3 is carried out to the charge transfer 
section 5 through the read-out gate 4, and it is further transmitted in this charge transfer section 5, 
[0009] moreover, Si02 formed in the surface section of a silicon substrate 2 by the oxidizing 
[ thermally ] method, the CVD method, etc. from - the becoming insulator layer 7 is formed. In 
addition, about this insulator layer 7, it is Si02. Not the monolayer that consists of film but Si02 Film- 
SiN film - Si02 It is good also as the so-called cascade screen of the ONO structure which consists of 
three layers of the film. On the insulator layer 7, the 1st transfer electrode 8 which consists of the 1st 
polish recon is formed in the abbreviation right above location of said charge transfer section 5. the 
front-face top of this 1st transfer electrode 8 - this transfer electrode 8 - covering - Si02 from - the 
becoming electrode insulator layer 9 is formed, in addition, although not shown in drawing 1 (b), it is in 
the condition that parts overlap, in the 1st transfer electrode 8, and as shown in drawing 1 (a), the 2nd 
transfer electrode 10 which consists of the 2nd polish recon is formed, and be fastidious also on the front 
face of this 1st transfer electrode 10 - covering - Si02 from - the becoming electrode insulator layer 
(graphic display abbreviation) is formed. 

[0010] Moreover, as shown in drawing 1 (b), these fields are covered in the top face and side- 
attachment- wall side of the transfer electrode 8 of these 1st, and the 2nd transfer electrode 10, and the 
interlayer insulation film 1 1 is formed in them. It was formed in tubed (this example rectangular-head 
tubed) in the right above part of the photo sensor section 3 surrounded by the 1st transfer electrode 8 and 
the 2nd transfer electrode 10 as such a configuration showed the interlayer insulation film 1 1 to drawing 
i (a). Although the thing whose refractive indexes, such as BPSG (boron phosphosilicate glass), and 
SOG (spin-on glass), bias high density P-SiO, are specifically about 1 .45, or the thing which added F 
(fluorine) to these and made that refractive index somewhat small is used as an insulator layer which 
forms an interlayer insulation film 1 1, in this example, the Si02 system oxide film whose refractive 
index is about 1.45 is used. 
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[001 1] The transparent membrane 12 is embedded in the right above part of the light-receiving sensor 
section 3 so that it may be shown in the part surrounded by the interlayer insulation film 1 1 formed in 
tubed [ this ], i.e., drawing 1 , (b). This transparent membrane 12 consists of an ingredient which has a 
larger refractive index than the refractive index of said interlayer insulation film 11, and is formed in this 
example with the flattening P-SiN film (refractive index 2.0) by the bias high density plasma-CVD 
method. In addition, as this transparent membrane 12, it can replace with said flattening P-SiN film, and 
the silicon containing many oxygen and the film which consists of polish recon etc. can also be used. 
Moreover, flattening processing of a reflow, over etching, etc. is made and, as for these interlayer 
insulation films 1 1 and a transparent membrane 12, the side face (field by the side of an interface with a 
transparent membrane 12) of an interlayer insulation film 1 1 is graduated by the top face and the pan by 
this. 

[0012] On the interlayer insulation film 1 1, the light- shielding film 13 which covers this and consists of 
aluminum, an aluminum alloy, etc. was formed, and of this, a light-shielding film 13 is in the condition 
of having made the great portion of right above location of the light-receiving sensor section 3 
overlooking outside, as shown in drawing 1 (a), namely, it was formed in right above [ of the photo 
sensor section 3 ] in the condition with rectangular opening. On this light-shielding film 13 and said 
transparent membrane 12, these are covered and the passivation film 14 is formed. Moreover, on the 
passivation film 14, the light filter layer 15 which consists of resin etc. is formed, and the lens layer 16 
which consists of convex transparence resin called a lens on chip is further formed on it. Here, both the 
light filter layer 15 and the lens layer 16 are formed with the ingredient whose refi-active index is 1 .5 to 
about 1.6. 

[0013] Si02 chosen from BPSG (boron phosphosilicate glass), SOG (spin-on glass), bias high density 
P-SiO, etc. as mentioned above after forming the electrode insulator layer 9 in the 1st transfer electrode 
8 and the 2nd transfer electrode 10 by the oxidizing [ thermally ] method etc., in order to have faced 
producing such a solid state image pickup device 1 and to have formed especially an interlayer 
insulation film 1 1 and a transparent membrane 12 A system oxide is formed based on the forming- 
membranes method, and flattening of this is further carried out by reflow processing etc. Then, where 
the part deposited on the 1st transfer electrode 8 and 2nd transfer electrode 10 top and the side- 
attachment-wall side of these is covered, a resist pattern is formed, etching removes the film which used 
this resist pattem as the mask further, and was deposited on the photo sensor section 3, and an interlayer 
insulation film 1 1 is obtained. 

[0014] Subsequently, as mentioned above, deposition formation of the flattening P-SiN film is carried 
out by the bias high density plasma-CVD method, global flattening processing is further performed to 
this by the CMP method or the resist etchback method, as shown in drawing 1 (b), it leaves this 
flattening P-SiN film only to the part in right above [ of the light-receiving sensor section 3 ] surrounded 
by the interlayer insulation film 11, and a transparent membrane 12 is obtained. 
[0015] Thus, after forming an interlayer insulation film 1 1 and a transparent membrane 12, the 1st 
transfer electrode 8 and the 2nd transfer electrode 10 grade are covered as usual, and a light-shielding 
film 13 is carried out. In addition, about this light-shielding film 13, it is also possible to form as the 
same layer as wiring in the circumference circuit of a solid state image pickup device 1 . Then, the 
passivation film 14 which consists of a P-SiN film etc. is formed, further, by the staining technique or 
color resist spreading, the light filter layer 15 is formed and the lens layer 16 is formed after that. After 
making the high density SiN in which CVD be possible deposit by thermofusion nature transparence 
resin or no ordinary temperature heating and preparing a resist in that upper part further about formation 
of the lens layer 16 here, it be make the convex lens configuration which carry out heat reflow 
processing of this resist, and have desired curvature, this be further make into a mask, said deposit be 
etch, and etchback imprint of removing a resist and obtaining the lens layer 16 etc. be use. 
[0016] Thus, according to the solid state image pickup device 1 obtained, it is condensed in the lens 
layer 16, after the light which penetrated the light filter layer 15 and the passivation film 14 further, and 
carried out incidence to the transparent membrane 12 penetrates an insulator layer 7 further, it results in 
the photo sensor section 3, and photo electric translation is made here. Moreover, as the arrow head by 
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the two-dot chain Hne in drawing 1 (b) showed, incidence is aslant carried out to the front face of a clear 
layer 12, it reflects by this interface and incidence also of the light which results in the interface between 
this transparent membrane 12 front face and an interlay er insulation film 1 1 as it is is carried out on the 
photo sensor section 3. 

[0017] Namely, in this example, the front face of a transparent membrane 12, the front face of the photo 
sensor section 3, and the front face of an insulator layer 7 are parallel. When the angle of the front face 
of a transparent membrane 12 and the side face (interface with a transparent membrane 12) of an 
interlayer insulation film 1 1 to make is right-angled Include angle theta 1 to this transparent membrane 
12 front face of the light in which the refractive index of the curvature of the lens layer 16, this lens 
layer 16, the light filter layer 15, and the passivation film 14 carried out incidence to the transparent 
membrane 12 It is beforehand adjusted so that it may become a larger include angle than 46.5 degrees. 
[0018] And it is theta 1 in this way. It is adjusted so that it may become a larger include angle than 46.5 
degrees. Therefore, it is adjusted so that the incident angle theta 1 (angle with the normal to the side face 
of the interlayer insulation film 1 1 shown with the incident light shown with the two-dot chain line in 
drawing 1 (b) and an alternate long and short dash line to make) over the side face of an interlayer 
insulation film 1 1 may serve as a larger include angle than 46.5 degrees. Moreover, refractive index nl 
of a transparent membrane 12 2.0 and refractive index n2 of an interlayer insulation film 1 1 From it 
being 1.45, with the Snell's law shown in the following formulas All the light that penetrated the 
transparent membrane 12 and resulted in the interface of this and an interlayer insulation film 1 1 as 
mentioned above carries out total reflection, and carries out incidence to the photo sensor section 3. 
nl, sinthetal =n2, and sintheta2 (Snell's law) 

[0019] That is, it sets in the explanatory view of the Snell's law shown in drawing 2 , and is angle of 
refraction theta 2. If 90 degrees is exceeded, supposing light will become total reflection theta 2 By 
substituting 90 degrees and being fiirther referred to as nl =2.0 and n2 =1.45 It becomes 2.0xsinthetal 
=1.45xsin90", and since it is sin90 degree=l, it is set to sinthetal =1.45/2.0, and thetal =46.5 degree 
which is a criticality-include angle for from now on carrying out total reflection can be found. Therefore, 
include angle theta 1 to this transparent membrane 12 front face of the light which carried out incidence 
to the transparent membrane 12 as mentioned above By becoming the larger include angle which is the 
aforementioned criticality-include angle than 46.5 degrees, all the light that penetrated the transparent 
membrane 12 and resulted in the interface of this and an interlayer insulation film 1 1 carries out total 
reflection, and comes to carry out incidence to the photo sensor section 3. 

[0020] therefore, if it is in this solid state image pickup device 1, by the ability carrying out incidence of 
all the light that carried out incidence to the transparent membrane 12 to the photo sensor section 3, 
condensing effectiveness is raised, and sensibility can be boiled markedly and can be raised. Moreover, 
by embedding a transparent membrane 12 on the photo sensor section 3, and carrying out flattening of 
this Processing homogeneity which this transparent membrane 12 and an interlayer insulation film 1 1 
become almost flat-tapped, therefore the level difference by the 1st transfer electrode 8 and the 2nd 
transfer electrode 10 is canceled, and is formed on these, such as a light-shielding film 13 and the light 
filter layer 15, improves. The increment in a smear and degradation of very small sensibility 
nonuniformity can be prevented. 

[0021] Since it prevented that the light which carried out incidence to the transparent membrane 12 by 
having arranged the interlayer insulation film 1 1 on the surroundings of a transparent membrane 12 
leaked out of the photo sensor section 3, it becomes unnecessary to allot a light-shielding film 13, and it 
becomes unnecessary furthermore, to jut out a light-shielding film like the former thereby on this 
transparent membrane 12 even right above [ of the photo sensor section 3 ]. Therefore, opening of a 
light-shielding film 13 can be formed widely, area of the photo sensor section 3 which faces in this 
opening that much can be enlarged, and condensing effectiveness can be raised. Moreover, when it is 
formed extremely low so that this may serve as the near location of the photo sensor section 3 like the 
former since the overhang is not prepared in a light-shielding film 1 3 in this way, an image defect 
increases and the photo sensor section 3 can also prevent the inconvenience that image quality will 
deteriorate in response to an etching damage or impurity contamination, by processing for this light- 
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shielding film formation. 

[0022] Moreover, it sets in the right above section of the photo sensor section 3 used as the incidence 
path (optical path) of light. The photo sensor section 3 which the clear layer 12 of 2.0 and a refractive 
index become [ the lens layer 16 whose refractive index is the air of 1 .0, and whose refractive index is 
1.5 to about 1.6 and the light filter layer 15, and a refractive index ] from the silicon of 3.8 sequentially 
from the outside of the lens layer 16, Since the refractive index is high as it goes to this photo sensor 
section 3 side, it sets in the path of these light. In case the interface between the layers from which 
construction material differs also about the light which carried out incidence aslant is penetrated, total 
reflection does not happen, but it is refracted so that incidence may be carried out at a more nearly 
vertically near include angle to the front face of the photo sensor section 3. Therefore, while being able 
to acquire condensing higher effectiveness, lowering of the property resulting from an echo etc. can be 
prevented. Moreover, since the transna mnt membrane 12 located in right above [ of the photo senso r 
section 3 ] is f ormed from P-SiN film, w he n this P-SiN film promotes hydrogenation, reduction-ization 
of a dark component can be attained. 

[0023] Drawing 3 is drawing showing the example of the 2nd operation gestalt of the solid state image 
pickup device of this invention, and is drawing equivalent to the B-B line arrowed cross-section of 
drawing 1 (a). In drawing 3 , a sign 20 is a solid state image pickup device, and the place where this 
solid state image pickup device 20 differs from the solid state image pickup device 1 shown in drawing 
1 (a) and (b) is the point of having replaced with the insulating layer 7 shovm in drawing 1 (b), and 
having mainly formed the silicon nitride film (it being hereafter described as an SiN film) 21 by the 
reduced pressure CVETmeSiod between the photo sensor seciion j and a transparent membrane 12. 
Thus, by having replaced with the insulating layer 7 and having formed SiN film 21, refraction does not 
arise from that refractive index being 2.0 by the interface between the clear layers 12 which a refractive 
index similarly becomes from the flattening P-SiN film of 2.0, therefore this SiN film 21 can prevent an 
echo here certainly. ****-- [0024] Moreover, in order to produce the solid state image pickup device 20 
which formed such SiN film 21, an impurity is injected into a silicon substrate 2 by an ion implantation 
etc., this is diffused fiirther, and the photo sensor section 3, the read-out gate 4, the charge transfer 
section 5, and the channel stop 6 are formed, respectively. Then, they are Si02 film or Si02 to silicon 
substrate 2 front face by the oxidizing [ thermally ] method or the CVD method. Film-SiN film - Si02 
The cascade screen of the ONO structure which consists of three layers of the film is formed, and an 
insulator layer 7 is obtained. 

[0025] Subsequently, the 1st polish recon is deposited with a CVD method, patterning of this is fiirther 
carried out with a well-known photolithography technique and an etching technique, and the 1 st transfer 
electrode 8 is formed, then, the oxidizing [ thermally ] method, a CVD method, etc. - this - the 
electrode insulator layer 9 is formed in the front face of the 1st transfer electrode 8. Furthermore, 
processing formation of the 2nd transfer electrode 8 which consists of the 2nd polish recon as well as 
formation of the 1st transfer electrode 8 is carried out, and an electrode insulator layer (graphic display 
abbreviation) is further formed on the surface of this. In addition, in making a transfer electrode into the 
structure of three or more layers, it forms this by repeating such a process by the layer. 
[0026] Subsequently, a well-known photolithography technique and an etching technique remove the 
insulator layer 7 on the photo sensor section 3, and SiN film 21 is further formed in the whole surface 
with a reduced pressure CVD method. Subsequently, an interlayer insulation film 1 1 is formed like the 
case of the previous example of the 1st operation gestalt. At this time, between the 1st transfer electrode 
8 and the 2nd transfer electrode 10, it originates in a doubling gap of a mask etc., and as shown in 
drawing 3 , that side-attachment-wall side shifts and may be formed. However, in this example of an 
operation gestalt, like the previous example of the 1st operation gestalt, reflow processing etc. is 
performed to an interlayer insulation film 11, and as this showed drawing 3 , flattening of the film 
especially deposited on the side-attachment- wall side of the 1st transfer electrode 8 and the 2nd transfer 
electrode 10 is carried out. 

[0027] Subsequently, etching removes the film deposited on the photo sensor section 3 like the example 
of the 1st operation gestalt, and an interlayer insulation film 1 1 is obtained. At this time, by forming SiN 
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film 21 in the whole surface previously, this SiN film 21 functions as an etching stopper, and it prevents 
giving an etching damage by this to the photo sensor section 3 etc. Thus, if an interlayer insulation film 

1 1 is formed, a clear layer 12 will be formed like the example of the 1st operation gestalt, and sequential 
formation of a light-shielding film 13, the passivation film 14, the light filter layer 15, and the lens layer 
16 will be carried out further. 

[0028] Thus, if it is in the solid state image pickup device 20 of the example of the 2nd operation gestalt 
From having replaced with the insulating layer 7 and having formed SiN film 21 between a clear layer 

12 and the photo sensor section 3 As mentioned above, refraction by the interface between a clear layer 
12 and this SiN film 21 can be prevented. And while being able to operate SiN film 21 as an etching 
stopper in the case of etching on the photo sensor section 3 at the time of interlayer insulation film 1 1 
formation, it can operate also as what is prevented that an etching damage is given to the photo sensor 
section 3 etc. 

[0029] In addition, although the light-shielding film 13 was formed in said example of an operation 
gestalt, when incidence of the light which carried out incidence to the solid state image pickup device by 
the lens layer 16 grade can be certainly carried out to a transparent membrane 12, it is not necessary to 
form this light- shielding film 13. Moreover, when an insulator layer 7 is made into the ONO structure 
which consists of three layers, formation of an interlayer insulation film 1 1 is preceded, and it is Si02 of 
the topmost part. The film may be removed, the SiN film of a bilayer eye may be exposed, and this SiN 
film may be operated as an etching stopper at the time of interlayer insulation film 1 1 formation. 
[0030] 

[Effect of the Invention] As explained above, the solid state image pickup device of this invention 
Prepare an interlayer insulation film in the side-attachment- wall side of a transfer electrode, and a 
transparent membrane is embedded in the part surrounded by this interlayer insulation film. Since the 
refractive index of said transparent membrane is made into size fi-om the refractive index of an interlayer 
insulation film incidence is aslant carried out on a transparent membrane front face, it can be made to be 
able to reflect by this interface and incidence of the light which results in the interface between this 
transparent membrane front face and said interlayer insulation film can be carried out on the photo 
sensor section, and this raises condensing effectiveness, and sensibility is boiled markedly and can be^ 
raised. Therefore, miniaturization of a solid state image pickup device and densification of a pixel can be 
attained, without causing property lowering. 

[0031] Since it prevented that the light which carried out incidence to the transparent membrane by 
having arranged the interlayer insulation film on the surroundings of a transparent membrane in this way 
leaked out of the photo sensor section, it becomes unnecessary to allot a light-shielding film, and it 
becomes unnecessary moreover, to jut out a light-shielding film like the former thereby on this 
transparent membrane even right above [ of the photo sensor section ]. Therefore, opening of a light- 
shielding film can be formed widely, area of the photo sensor section which faces in this opening that 
much can be enlarged, and condensing effectiveness can be raised. Moreover, when it is formed 
extremely low so that this may serve as the near location of the photo sensor section like the former 
since it is not necessary to prepare an overhang in a light-shielding film in this way, an image defect 
increases and the photo sensor section can also prevent the inconvenience that image quality will 
deteriorate in response to an etching damage or impurity contamination, by processing for this light- 
shielding film formation. Furthermore, although it is usually necessary to prepare the low reflective film 
in both the top face and an underside about the overhang part of the light-shielding film located on the 
photo sensor section, since it is not necessary to prepare an overhang in a light-shielding film if it is in 
the solid state image pickup device of this invention, the process which naturally prepares the low 
reflective film can become unnecessary, therefore productivity can be improved, and a cost cut can be 
aimed at. 



[Translation done.] 
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